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(54) Amino-terminatcd poly butadienes 

(57) Improved amine-terminated polybutadienes 
(ATPBs) having one or two terminal amino groups, are 
prepared by cyanoalkylating a hydroxyl-terminated 
polybutadiene by Michael addition of acrylonitrile in the 
presence of a base, forming nitrile termination, followed 
by hydrogenation in the presence of a Group VIII metal 
as catalyst. The ATPBs may be hydrogenated or partial- 
ly hydrogenated, either prior to or after the amination, 



to satu rate or partial ly satu rate the polym ers . Poly u reas , 
polyurethanes. crosslinked epoxies, polyamides and 
other derivatives with improved properties can be pre- 
pared from the ATPBs. The resultant derivatives are 
useful in liquid binders for braking systems, electric pot- 
ting compositions, coatings, adhesives, sealants, and 
water proofing membranes, for example. 
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Description 

[0001] The invention relates to the preparation and 
use of amino-terminated polybutadienes. 
[0002] Hydroxyl-terminated polybutadiene (HTPB) 5 
and hydrogenated HTPB have been commercially used 
in applications demanding low temperature flexibility, 
water resistance, hydro lytic, acid, or base stability, and/ 
or low dielectric constant, for example in adhesives, 
sealants, coatings, and electrical potting insulation. 10 
However, a deficiency of using HTPB and hydrogenated 
HTPB is often caused by the rather weak nucleophilicity 
of the hydroxyl group at the chain end, which prevents 
its incorporation into formulations under commonly used 
process conditions. For example, the hydroxyl groups 15 
are usually not sufficiently reactive with bisphenol A 
(BPA) epoxy resins to be useful as crosslinkers orflex- 
ibilizers. In addition, when preparing electric potting 
compounds, the reaction rate between the anhydride of 
maleic anhydride (MA)-modified polybutadiene and the 20 
hydroxyl group of HTPB is too slow at room tempera- 
ture. Also, the curing reaction between the hydroxyl 
groups of HTPB and isocyanate groups in certain poly- 
urethane applications is hindered, or is rendered incom- 
plete, by the presence of other hydroxyl -containing ad- 25 
ditives which react at a comparable or faster rate. 
[0003] Since amine groups have higher nucleophilic 
reactivity, the amine-terminated polybutadiene (ATPB) 
polymers corresponding to the HTPB polymers would 
have been preferable, except for the difficulty and ex- 30 
pense of prior art methods of preparing ATPB. 
[0004] Prior methods of preparing amino-terminated 
hydrogenated polybutadiene polymers (ATPB) have in- 
cluded synthesis from functionalized initiators and buta- 
diene monomer or by converting hydroxyl-terminated 35 
polybutadiene (HTPB) to ATPB by multi-step synthetic 
pathways. 

[0005] Lintsell, et aL Synthesis and characterization 
of a,(x>-and a-functionaiized hydrogenated 
polybutadienes : telechelic and semi-teiechelic amine 40 
and phosphite terminated polymers, Polymer, Vol. 38, 
Number 1 1 , 2835 (1 997) disclosed tosylation of primary 
HTPBs followed by reaction with aniline or n-pro- 
pylamineor3-(dimethylamino)-propyl amine. The termi- 
nally tosylated HTPBs were reacted with sodium azide 45 
in solvent and then hydrogenated to form the a, a)-di- 
amino polymer (ATPB). 

[0006] Similarly, Hinney etaL U.S. Pat. 4,658,062 as- 
signed to Atlantic Richfield Company, disclosed con- 
verting liquid primary HTPB polymer such as Poly bd 50 
R45-HT brand to introduce ATPB via alkane - or are- 
nesulfonate-terminated polybutadiene. Such methods 
as that of Lintsell, etal., and Hinney, etal. are interesting 
from an academic standpoint but are too expensive and 
cumbersome for commercial use. 55 
[0007] Yeakey, etal., U.S. Pat. 4,994,621 assigned to 
Texaco Chemical Company, disclosed reacting liquid 
HTPB polymer such as Poly bd R45-HT brand wherein 



the hydroxyl groups are primary, with several oxirane 
units per hydroxyl group, to produce a secondary hy- 
droxyl-terminated polymer containing ether linkages. 
The resultant polymers were aminated by reacting am- 
monia with the hydroxyl groups under reducing condi- 
tions provided by hydrogen under pressure to produce 
a polymer which was essentially primary amine-termi- 
nated. The resultant ATPB of Yeakey, et al., was used 
in the preparation of polyurea foam or polyurea elas- 
tomer and to prepare more hydrophobic cured epoxy 
resin formulations than could be prepared with previous 
polyamines. 

[0008] However, such prior art ATPBs suffered from 
one or more disadvantages. For example, such prior 
ATPBs containing ether groups were not weatherable 
and the resultant polyureas, epoxies, and other resins 
prepared therefrom were also not weatherable in many 
cases. 

[0009] In a copending patent application, Attorney 
Docket No. 118956 SAR 53, filed November 19, 2002, 
we disclosed a method of preparing amine-terminated 
polybutadiene polymers having one or two terminal 
amine groups comprising aminating a secondary hy- 
droxyl-terminated polybutadiene having no ether 
groups. In some situations, an alternative method of 
preparation may be desirable. 

[0010] Reinking, U.S. Pat. 3,316,185, discloses liquid 
glycol diamines used as curing agents for polyepoxide 
compositions prepared by cyanoalkylating a glycol of 
the general formula HO-(C n H 2n O) x H wherein n has a 
value of 2 to 5 and x has a value of 1 to 11 . Hydroxyl 
terminated polybutadiene is not disclosed or suggested 
by Reinking as a suitable substance (HTPB is not a gly- 
col) to be aminated. 

[0011] It is an object of the present invention to pro- 
vide ATPBs which enable improved weatherability when 
reacted with polyisocyanates, epoxides, anhydride 
functional polymers, phenolics or multifunctional car- 
boxylic acid or ester derivatives. 
[0012] It is another object of the invention to provide 
ATPBs which can be used as flexibilizers, tougheners 
or crosslinkers to produce cured resins with improved 
physical properties versus the prior ATPBs. 
[0013] These objects, and others which will become 
apparent from the following disclosure, are achieved by 
the present invention which comprises in one aspect a 
method of preparing amine-terminated polybutadiene 
polymers having one or two terminal amine groups com- 
prising aminating a hydroxyl-terminated polybutadiene 
by cyanoethylation followed by reduction. The cya- 
noethylation is carried out by a Michael addition of acry- 
lonitrile to the terminal hydroxyl groups to form terminal 
cyano groups, followed by reduction with hydrogen to 
form terminal amine groups on the polybutadiene. 
[001 4] In another aspect, the invention comprises the 
novel amine-terminated polybutadiene polymers having 
one ortwo terminal amine groups prepared by the novel 
method. 
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[0015] The amine-terminated polybutadiene poly- 
mers having one or two terminal amine groups can be 
hydrogenated or partially hydrogenated, either before or 
after amination, if desired. 

[0016] A further aspect is a method of imparting im- 
proved physical properties to epoxies, anhydride-func- 
tionalized polymers, phenolics, multifunctional carbox- 
ylic acid or ester derivatives and the like to flexibilize, 
crosslink, and/or toughen the resulting polymers by cur- 
ing the epoxies, anhydride-functionalized polymers, 
phenolics or multifunctional carboxylic acid or ester de- 
rivatives with the novel ATPBs and/or hydrogenated 
ATPBs of the invention. 

[001 7] The resulting polymeric compositions and pol- 
ymers, i.e., polyureas, polyamides, polyamic acids, 
polyimides, polyurethanes and reaction products with 
epoxies, phenolics and anhydrides are also an aspect 
of the invention. Such cured polymer products are char- 
acterized by exceptional flexibility and toughness. More- 
over, the polymers produced with the novel amine-ter- 
minated polybutadiene polymers having one or two ter- 
minal amine groups possess excellent water resistance 
and superior, low dielectric properties. 
[0018] A subject-matter of the present invention is 
thus firstly a method of preparing amine-terminated 
polybutadiene polymers having one or two terminal 
amine groups comprising animating a hydro xyl-termi- 
nated polybutadiene by first reacting acrylonitrileto form 
a terminal nitrile group and then reducing the nitrile 
groups with hydrogen to form the terminal amine. 
[001 9] The first reaction with acrylonitrile of said meth- 
od can be catalyzed with a base ; said base can be se- 
lected from the group consisting of lithium hydroxide, so- 
dium hydroxide and potassium hydroxide. 
[0020] The reduction with hydrogen can be carried out 
in the presence of one or more Group VIII metal or met- 
al-containing complexes ; the Group VIII metal can be 
selected from the group consisting of nickel, palladium, 
platinum, ruthenium, rhodium and cobalt. 
[0021 ] The reduction with hydrogen can be carried out 
in the presence of ammonia. 

[0022] The above mentioned method can further in- 
clude hydrogenation or partial hydrogenation of the 
polybutadiene either prior to amination or after amina- 
tion. 

[0023] The hydroxyl-terminated polybutadiene can be 
prepared by radical polymerization of butadiene or by 
anionic polymerization of butadiene, followed by termi- 
nation with alkylene oxides. 

[0024] Another subject-matter of the present inven- 
tion is an amine-terminated polybutadiene polymer hav- 
ing one or two terminal amine groups prepared by the 
above-mentioned method, wherein the amine-terminat- 
ed polybutadiene polymer having one or two terminal 
amine groups is optionally hydrogenated. The polybuta- 
diene can be hydrogenated or partially hydrogenated. 
[0025] Other subject-matters of the present invention 
are : 



a polymer prepared from a composition comprising 
an amine-terminated polybutadiene as mentioned 
above ; 

a poly urea prepared by reacting the amine-termi- 
5 nated polybutadiene polymer as mentioned above 

with phosgene, diisocyanates, or urea ; 
a polyurea prepared by reacting the amine-termi- 
nated polybutadiene polymer as mentioned above 
with a polyisocyanate ; 
10 - a cured epoxy article prepared by reacting the 
amine-terminated polybutadiene polymer as men- 
tioned above with an epoxy resin ; 
a polyamide prepared by reacting the amine-termi- 
nated polybutadiene polymer as mentioned above 
15 with a dicarboxylic acid or dicarboxylic acid ester ; 

a polyamide copolymer prepared by reacting the 
amine-terminated polybutadiene polymer as men- 
tioned above with a polyamide or a polyester ; 
a polyamic acid or polyimide prepared by reacting 
20 the amine-terminated polybutadiene polymer as 
mentioned above with a dianhydride and dehydrat- 
ing the resultant compound ; 
a polyimide copolymer prepared by reacting the 
amine-terminated polybutadiene polymer as men- 
25 tioned above with a polyimide ; 

a phenolic resin prepared by reacting a phenolic 
compound via Mannich reaction with the amine-ter- 
minated polybutadiene polymer as mentioned 
above ; 

30 - a composition, comprising a water- proofing mem- 
brane, coating, adhesive, sealant, electric potting 
compound, or liquid binderfor use in a braking sys- 
tem, the composition prepared by polymerizing a 
composition comprising the amine-terminated 
35 polybutadiene polymer as mentioned above ; and 
a process of flexibilizing, toughening, or crosslink- 
ing a cured resin or chain extending polyurethane 
aqueous dispersion comprising preparing the resin 
or extending the dispersion with the amine-termi- 
40 nated polybutadiene polymer as mentioned above. 

[0026] The Michael addition of acrylonitrile (cya- 
noethylation) to the alcohol to form the corresponding 
cyanoalkylated compound is often catalyzed by a base. 

45 Suitable bases include, for example, alkali metal alkox- 
idesuch as sodium methoxide, lithium hydroxide, sodi- 
um hydroxide and potassium methoxide. 
[0027] The subsequent hydrogenation (reduction) of 
the nitrile (cyano group) is generally catalyzed by Group 

50 vill metals or metal-containing complexes. Suitable 
Group VIII metals include nickel, palladium, platinum, 
ruthenium, rhodium and cobalt. 

[0028] The addition of the first mole of hydrogen gives 
an imine. The reaction of this imine with another amine 
55 leads to the formation of secondary amines and dimers. 
As in reductive amination, the addition of an excess of 
ammonia during the hydrogenation minimizes this side 
reaction. Another potential complication reaction under 
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the conditions needed for nitrile reduction is the reverse 
Michael, which can result not only in alcohols, but the 
acrylo nitrile can then add to newly formed amines lead- 
ing to a complicated mix of terminal functionality. 
[0029] Hydroxy I -terminated polybutadienes can be 
preparedfrom either radical polymerization of butadiene 
in the presence of hydrogen peroxide or anionic polym- 
erization of butadiene, followed by termination with 
alkylene oxides. 

[0030] Saturated, i.e., hydrogenated, or partially sat- 
urated ATPBs of the invention can be prepared by 
known hydrogenation methods. The partial or complete 
hydrogenation of the butadiene backbone can be car- 
ried out either before the amination of HTBP step or after 
the amination step. 

[0031] The ATPBs of the invention can be reacted 
with phosgene, diisocyanates or polyisocyanates, or 
urea to form polyureas. The difunctional ATPBs can also 
be used as a chain extender during the preparation of 
water-dispersible polyurethanes. Among other uses, 
the monofunctional ATPBs can be used as chain block- 
ing agents or as grafting agents for modifying oligomers 
or polymers bearing end- or side-groups, like carboxyls 
or anhydrides or isocyanates. which can react with 
amine groups of ATPBs of the invention. Specific block 
or grafted or star type controlled polymeric structures 
can be obtained by using these ATPBs. 
[0032] ATPB reacts with epoxies, such as bisphenol 
A epoxy resins orcycloaliphatic diepoxides, to form cov- 
alent bonds with the epoxy matrix. In such systems, the 
ATPB not only serves as a catalyst, but also a chain flex - 
ibilizer in the crosslinked epoxy materials. 
[0033] The ATPBs react with dicarboxylic acids or de- 
rivatives, such as esters and acid chlorides, to form 
polyamides which reduce the crystallinity and water-ab- 
sorption of nylons and improve impact resistance of ny- 
lons. The polyamide copolymers can be prepared by re- 
acting the ATPB with polyamides, and more specifically 
Nylon, or with polyesters. 

[0034] ATPB reacts with dian hydrides to form polyam- 
ic acids or polyimides after dehydration . The ATPBs im- 
prove the reaction rate of preparing electric potting com- 
pounds with MA-modified polybutadiene and the impact 
resistance of high-temperature polyimides. A polyimide 
copolymer can be prepared by reacting the amine ter- 
minated polybutadiene polyester with a polyimide. 
[0035] ATPB can condense with phenolic compounds 
via a Mann ich -type reaction to serve as aflexibilizer and 
enhance the electric properties of the resulting phenolic 
resins. 

[0036] ATPB can be used as the sole diamine, or in 
combination with other di- or polyamines in the afore- 
mentioned reactions and condensations. 
[0037] The ATPB polymer of the invention can be 
used for obtaining a water-proofing membrane, coating, 
adhesive, sealant, electric potting compound or liquid 
binder for use in a braking system, by polymerizing a 
corresponding composition comprising the said ATPB. 



[0038] The applications of the materials derived from 
ATPB include, but are not limited to, water-proofing 
membranes or coatings in the construction industry, ad- 
hesives and sealants for housing, road paving, bridges, 
5 electronic, automotive, marine and aeronautical appli- 
cations, electric potting and liquid binders in brake sys- 
tems. 

[0039] Hydrogenated or partially hydrogenated ATPB 
can be used in the same reactions where ATPB is used. 

10 Hydrogenated ATPB in general should render better 
thermo-oxidative and UV stability to the materials de- 
rived therefrom. Applications based on hydrogenated 
ATPB comprise, but are not limited to, automotive clear/ 
base coats, roof deck coatings, and cable insulation, in 

15 addition to the uses described for ATPB. 

[0040] Thefollowing examples illustrate a few embod- 
iments of the invention. 

Example 1 - Preparation of Amine -terminated 



Polybutadienes 

[0041] This example illustrates the preparation of 
ATPBs by cyanoalkylation of HTPBs, followed by reduc- 
es tion. 

[0042] Into a 1 liter, 3-necked round-bottomed flask 
equipped with a thermometer, dropping funnel, reflux 
condenser and an overhead stirred was placed Krasol 
LBH 2000 (200 g) supplied by Sartomer Company, cy- 

30 clohexane (200 g) and anhydrous sodium hydroxide (1 
g). The solution was warmed to 50°C and then with stir- 
ring acrylonitrile was added dropwise over 90 mn while 
maintaining the temperature between 50 and 60°C. Fol- 
lowing addition of the acrylonitrile (1 2.73 g, 0.24 mole), 

35 the reaction mixture was stirred an additional 90 mn at 
50°C and then cooled and transferred to a rotary evap- 
orator to remove the solvent and un reacted acrylonitrile. 
The cyanoalkylated compound was redissolved in cy- 
clohexane and then hydrogenated in a autoclave at a 

40 temperature in the range of from about 95°C to about 
1 00°C in the presence of Raney nickel or cobalt catalyst 
and anhydrous ammonia at pressures on the order of 
about 10.34 MPa (1500 p.s.i.g). The reaction mixture 
was washed several times with water and then was con- 

45 centrated to form ATPB. 

[0043] Various other embodiments, alternatives and 
modifications should be readily apparentto those skilled 
in this art without departing from the spirit and scope of 
the invention. 

50 

Claims 

1 . A method of preparing amine-terminated polybuta- 
55 diene polymers having one or two terminal amine 
groups comprising aminating a hydroxyl-terminated 
polybutadiene by first reacting acrylonitrile to form 
a terminal nitrile group and then reducing the nitrile 
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groups with hydrogen to form the terminal amine. 

2. The method of claim 1 wherein the first reaction with 15. 
acrylonitrile is catalyzed with a base. 

5 

3. The method of claim 2, wherein the base is selected 

from the group consisting of lithium hydroxide, so- 16. 
dium hydroxide and potassium hydroxide. 

4. The method of anyone of claims 1 to 3 wherein the 10 
reduction with hydrogen is carried out in the pres- 17. 
ence of one or more Group VIII metal or metal-con- 
taining complexes. 

5. The method of claim 4 wherein the Group VIII metal 15 

is selected from the group consisting of nickel, pal- 18. 
ladium, platinum, ruthenium, rhodium and cobalt. 

6. The method of anyone of claims 1 to 5 wherein the 
reduction with hydrogen is carried out in the pres- 20 19. 
ence of ammonia. 

7. The method of anyone of claims 1 to 6, further in- 
cluding hydrogenation or partial hydrogenation of 20. 
the polybutadiene either prior to amination or after 25 
amination. 

8. The method according to anyone of claims 1 to 7 
wherein the hydroxyl-terminated polybutadiene is 
prepared by radical polymerization of butadiene or 30 

by anionic polymerization of butadiene, followed by 21 . 
termination with alkylene oxides. 

9. An amine-terminated polybutadiene polymer hav- 
ing one or two terminal amine groups prepared by 35 
the method of anyone of claims 1 to 8, wherein the 
amine-terminated polybutadiene polymer having 
one or two terminal amine groups is optionally hy- 
drogenated. 

40 

10. The amine-terminated polybutadiene polymer of 
claim 9 wherein the polybutadiene is hydrogenated 
or partially hydrogenated. 

1 1 . A polymer prepared from a composition comprising 45 
an amine-terminated polybutadiene of claims 9 or 

10. 

12. A polyurea prepared by reacting the amine-termi- 
nated polybutadiene polymer of claims 9 or 1 0 with 50 
phosgene, diisocyanates, or urea. 

13. A polyurea prepared by reacting the amine-termi- 
nated polybutadiene polymer of claims 9 or 1 0 with 

a polyisocyanate. 55 

14. A cured epoxy article prepared by reacting the 
amine-terminated polybutadiene polymer of claims 



9 or 1 0 with an epoxy resin. 

A polyamide prepared by reacting the amine-termi- 
nated polybutadiene polymer of claims 9 or 10 with 
a dicarboxylic acid or dicarboxylic acid ester. 

A polyamide copolymer prepared by reacting the 
amine-terminated polybutadiene polymer of claims 
9 or 1 0 with a polyamide or a polyester. 

A polyamic acid or polyimide prepared by reacting 
the amine-terminated polybutadiene polymer of 
claims 9 or 10 with a dianhydride and dehydrating 
the resultant compound. 

A polyimide copolymer prepared by reacting the 
amine-terminated polybutadiene polymer of claims 
9 or 1 0 with a polyimide. 

A phenolic resin prepared by reacting a phenolic 
compound via Mannich reaction with the amine-ter- 
minated polybutadiene polymer of claims 9 or 10. 

A composition, comprising a water-proofing mem- 
brane, coating, adhesive, sealant, electric potting 
compound, or liquid binderfor use in a braking sys- 
tem, the composition prepared by polymerizing a 
composition comprising the amine-terminated 
polybutadiene polymer of claims 9 or 1 0. 

A process of flexibilizing, toughening or crosslinking 
a cured resin or chain extending polyurethane 
aqueous dispersion comprising preparing the resin 
or extending the dispersion with the amine-termi- 
nated polybutadiene polymer of claims 9 or 1 0. 
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